In this work, the reaction cross-section for neutron-induced reactions on 127 I isotope was calculated using EXIFON code in the energy range of incident particle from 0 MeV to 30 MeV. The code is based on an analytical model for statistical multistep direct and multistep compound reactions (SMD/SMC model). In order to see the effect of nuclear structure on cross sections, the calculation was done using nuclear shell structure effect and without considering shell structure effect. Obtained results and statistical analysis showed that shell structure effect does not give significant changes to the cross-section at considered energy ranges. This shows that EXIFON code is a good tool for investigation of nuclear reaction cross section and is useful in the production of the radioisotopes of Iodine, Antimony and tellurium of high purity and in an efficient manner using cyclotron or nuclear reactors, these isotopes have potential application for field of medical science especially for diagnostics and therapeutic purposes.
Introduction
The artificially produced radioactive isotopes are important for many different applications [1] . Radioactive isotopes play an important role in the field of medical science in terms of beneficial applications in both diagnosis and therapy purposes [2] .
In radioisotope production programs, nuclear reactions data are mainly needed for optimization of production routes [3] .
At present day, radioisotope production for nuclear medicine is important because of its common use in tomography devices. Both single photon emissions How to cite this paper: Ahmad, I. and Koki, F.S. (2017) Calculation of Reactions Cross Section for Neutron-Induced Reactions on computed tomography (SPECT) and positron emission tomography (PET) are used for diagnosis in nuclear medicine. In particular, the radionuclide of iodine is used for these purposes. Therefore, this radionuclide plays an important role in medical applications and research. For example, Gamma-emitted short-lived 123 I and long live 124 I [1] isotopes can be used as the diagnostic image in SPECT and PET. Besides, the 124 I allows for studying of important organs such as brain and heart [2] . The long-lived 125 I isotope is used as a source for internal radiotherapy, bone dosimetry and a biological tracer [3] . Another iodine radionuclide 122 I is a very short-lived isotope and used in PET for brain blood-flow studies [4] .
For the last 50 years, the International Atomic Energy Agency (IAEA) Nuclear Data Section (NDS) has been collating, compiling and reviewing nuclear data in a collection of databases and publications, aim of making these data available to a global audience to create an awareness of the wide-ranging data available in support of nuclear-related applications [4] [5] [6] . Nuclear reaction by neutron interactions on bismuth-208 was studied for the production of lead isotopes and thallium isotopes [7] .
Today, the nuclear databases are accessible online through the website provided by the IAEA Nuclear Data Section (NDS). This site offers access to tens of thousands of nuclear data sets that can be used for research, innovation, development and dissemination. By such materials and files, the authors conducted the calculation on the reaction cross-section for neutron-induced reactions on 127 I isotope.
Theoretical Background
Over the years, the concept of statistical multistep processes has become more and more important for the understanding of nuclear reaction mechanism, especially above 20 MeV. An analytical model for both statistical multistep direct (SMD) and statistical multistep compound (SMD) processes was applied for describing nuclear reactions up to 30 MeV. This can be generalized in several respects:
The extension to higher energies is performed including s-step direct processes for s = 1 up to 5.
The same residual interaction is used for computing both formation and decay of the compound nucleus within SMC as well as SMD processes. Thus, there is no reference to the optical model (OM) reaction cross section. The OM cross section for charged particles was used to simulate coulomb effects in the threshold region only [5] .
α and γ-Processes are included Spin-isospin conservation during the two-body collision is considered.
The calculation of Multiple Particle Emission (MPE) is generalized. Up to three decays of the compound nucleus are considered.
This model is formulated in detail for predicting emission spectra for neutrons, protons, alphas and photons including equilibrium, pre-equilibrium, di-rect as well as MPE processes in a consistent way.
Calculations are performed with one physical parameter set for several nuclei, several energies, and several reaction types.
Statistical Multistep Reaction
Statistical multistep models are very successful in describing nuclear reactions at energies up to about 100 MeV. These models enable the description of direct, pre-equilibrium, and equilibrium processes in a consistent way for a wide mass number range and various reaction channels, e.g. neutrons, protons, alpha, and gamma particles.
The application of a statistical multistep model to heavy nuclei requires the consideration of fission as a competing process to particle and "gamma-ray"
emissions. Therefore, statistical multistep models should be extended to the fission channel.
In the statistical multistep model, the total emission spectrum of the process ( )
Activation Cross-Sections
The following relations between the optical model (OM) reaction Cross-section and the energy-integrated partial Cross-sections should be satisfied (at each in- The SMD Cross-section is a sum over s-step direct processes given by: [11] ( ) ( )
The SMD Cross-section has the form ( )
where N τ satisfies the time-integrated master equation
The multiple particle emission is expressed as:
To keep the model tractable, a simple two-body interaction is assumed: [5] ( ) ( ) ( ) ( )
taken from nuclear structure considerations [11] .
The factor ( )
 contains the wave function at the nuclear radius is equal to the nuclear volume [9] .
The single-particle state density of bound particles (at Fermi energy) is then defined by ( )
where factor 4 considers the spin and isospin degeneracy
Methodology
EXIFON code is a nuclear reaction software which provides a continuous and smooth description of nuclear reactions over a wide energy and mass range which is based on an analytical model for statistical multistep direct and multis-tep compound reactions (SMD/SMC model). It predicts emission spectra, angular distributions, and activation Cross-sections for neutrons, protons, alpha particles, and photons. Multiple particle emissions are considered for up to three decays of the compound system. EXIFON is a fast, easy-to-handle code which predicts Cross-sections from one global parameter set. The only adjustable quantity is the pairing shift. The INPEXI code creates input files for EXIFON2.0 from mass and shell-correction tables. The MAKE6 code transforms EXIFON output into an ENDF-6 format file [9] .
The model is based on random matrix physics with the use of the Green's function formalism [12] [13]. All calculations are performed without any free parameters. Results were presented for bombarding energies below 30 MeV [14] [15].
Procedure

Nuclear Model Calculations
Theoretical calculations of Cross-section were performed by nuclear model code EXIFON the program was run and the input and output directory were defined, and then the target nucleus is specified. The incident particle and target nucleus were selected and excitation function in the general options section for this calculation was chooses.
The number of incident energy was specified followed by the first incident energy, and then the incident energy step is also specified. The Cross-section correspond to each particular energy was obtained.
The output data (OUTEXI) for the calculation was then stored in the set output directory. Also, DAT file name is stored in the set output directory.
Secondly, the option without shell effect is also used for each target nucleus, also an output data (OUTEXI) for the calculation is then stored in the set output directory. Also, DAT file is stored in the set output directory.
Shell Structure Effects
The shell structure effects are considered in SMC processes. Under such a situation, the single-particle state density g, in Equation (2.18) is multiplied by the factors ( ) 
Results and Discursions
Results
The calculated cross-section data for neutron-induced reactions on 127 I are given in Table 1 and Table 2 .
The calculations in which the shell correction was taken into consideration are denoted by "With" on the graph's legend, while those without the shell correction effects are denoted by "Without". Table 1 . Cross section (mb) obtain without shell structure effect of I-127 interactions with neutron particle at different energies (MeV).
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Excitation Functions
Excitation function is defined as the graphical plots of cross-section against the energy of the incident particle, it is an important parameter in nuclear data analysis describes the probability that nuclear reactions can occur at particular energy of incident particle. Below are the excitation functions of the reactions.
Discursion
Neutron on 127 I Iodine-127 is a naturally occurring stable element with 100% abundance isotope of iodine when neutron particle introduced into its nucleus, the nuclear reaction processes occurred and produced other stable and radioactive elements. Figure 1 is the knockout reaction in which neutron displaced alpha particle from the nucleus of iodine-127. Figure 2 is a compound nucleus formation of iodine-128 and it emits alpha particle to produce Antimony-124. Figure 1 and Figure 2 shown the excitation function of the interaction between neutron particle and iodine-127 nucleus for the production of Antimony-124 which is one of the radioisotopes of Antimony, it has a half-life of 60 days 21 minute and decays through beta emission and gamma particle. Figure 3 and Figure 4 shows the excitation function of the production of Antimony-123, is a stable isotope of Antimony. Tellurium-127 is an isotope of Tellurium with a half-life of 9.3 h, it decays by beta emission, Figure 8 and Figure 9 shown the compound nucleus formation of this important isotope. The shell correction effect was considered in both two graphs and the results show no significant different observed.
Iodine-126 is a radioactive isotope of iodine with a half-life of thirteen (13) days, it decays either by e − , e + and γs radiations. Figure 10 and Figure 11 shown the compound nucleus formation of this important isotope, the shell correction effect was considered in both two graphs and the results show no significant different observed.
Tellurium-126 is a stable isotope of Tellurium which can be produced through the reaction in Figure 12 and Figure 13 . Figure 12 shows that no change observed for both reactions with shell effect correction and without shell effect correction. Figure 13 shows that changes were observed in the cross sections with and without shell correction.
Iodine-125 is a radioisotope of iodine with a half-life of 56 days and it decays through K-capture and gamma particle. Figure 14 : Excitation function for production iodine-125. Figure 15 is an excitation function for the production of Antimony-126 which is a radioactive isotope of Antimony with a half-life of 9 hour and it decays through beta and gamma particle. 
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,2 I n np reaction. Table 3 . The correlation between different reaction charnels of Cross section without shell structure effect.
(n, a) (n, na) (n, ag) (n, an) (n, g) (n, ng) (n, pg) (n, 2ng) (n, n) (n, 2n) (n, pn) (n, 3n) (n, p) (n, np) (n, 2p) (n, 2np) Table 3 and Table 4 gives the correlation between exit charnels of the interaction of neutron at different energies with I-127 as a target, both Table 3 and Table 4 shown that the correlation between (n, 2p) charnel and other charnels is not defined, because the value of cross sections of (n, 2p) reaction is zero throughout the energy range considered from 0 MeV to 30 MeV. This shows that this energy range is below the threshold energy for this reaction. Table 4 . The correlation between different reaction charnels of Cross section with shell structure effect.
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Conclusions
A nuclear reaction in the intermediate-energy region is a matter of interest in some fields of science and technology such as medical radionuclide production. Radioisotope production for nuclear medicine is important because of its common use in tomography devices. Both single photon emissions computed tomography (SPECT) and positron emission tomography (PET) are used for diagnosis in nuclear medicine. In the present work, we have investigated the excitation functions for the formation of 128,127,126 123,124,126 127,126,125 I, Sb, Te in the interactions of alpha particle with nucleus of iodine-127 isotope for the production of some medical radioisotopes.
The shell structure effects were considered and the statistical analysis shows that no significant change in the cross-section observed at the energy range from 0 -30 MeV considered.
This study shows that EXIFON code is a good tool for investigation of nuclear reaction cross section and this research work can be useful in the production of the radioisotopes of Iodine, Antimony and tellurium of high purity and in an efficient manner using cyclotron or nuclear reactors, these isotopes have potential application for field of medical science especially for therapeutic purposes embracing current and possible future needs.
